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Cyclohexylamine (NH, equatorial) 

"trans"-3-MethylcyclohexylamineL~ . . 
trans-4-Methylcyclohexylamine 2 
trans-4-Phenylcyclohexylamine s 
trans-4-Cyclohexylcyclohexylamine 8 . 

trans-4-t -Butylcyclohexylamine s 
Menthylamine 
iso-Menthylamine 
Carvomenthylamine ~ 
trans-c~-Decalylamine 5, m.p. - 1 ° 
trans-fl-Decalylamine 5, m.p. 15 ° 

Composition of product 

Cyclohexene 

Little 
Litt le 
15% 
nil 
nil 

Cyclohexanol 

Mostly 
Mostly 

85% 
100% 
100% 

Cyclohexanol produced (OH equatorial) 

cis-3-Methylcyclohexanol s 
trans-4-Methylcyclohexanol z 60 % yield 
trans-4-Phenylcyclohexanol a 53% yield 
trans-4-Cyclohexylcyclohexanol 

49% yield 
trans-4-t-Butylcyclohexanol a 55% yield 
Menthol ~ 
iso-Meuthol ~ 
Carvomenthol 4 
trans-¢t-Decalol ~, m.p. 63 ° 
trans-fl- Decalol 5, m.p. 75 ° 

Ref. 

1 Conformational analysis indicates that "trans"-l,3-methyl- 
cylohexylamine should actually be termed cis. 

2 M. M. CLAUDON, Bull. Soc. chim. France, 1950, 627. 
a D. V. NIGHTINGALE, J. D. KERR, J. A. GALLAGHER, and M. 

MAIENTHAL, J. Org. Chem. 17, 1017 (1952). 
¢ A. K. BOSE, Exper. 8, 458 (1952). 
5 W. HOCKEL, Ann. Chem. 533, 1 (1938). 

s D. S. NovcE and D. B. DENNEV, J. Amer. Chem. Soc. 74, 5912 
1952}. - H. L. GOERING and C. SERRES, J. Amer. Chem. Soc. 74, 
5908 (1952). 

D. H. R. BARTON, Exper. 6, 316 (1950). 
J. READ, A. M. COOK, and M. I. SHANNON, J. Chem. Soc. 1926, 

2223. 
9 R. G. JOHNSTON and J. READ, J. Chem. Soe. 1935, 1138. 

Table I I  

Cyclohexylamine (NH~. polar) 

"cis' '-3 -Methylcyclohexylamine I 
cis-4-Methylcyclohexylamine b 
neo-Menthylamine 
neo-iso-Menthylamine. 
neo-Carvomethylamine 8 . 
trans-cc-Decalylamine 4, m.p. - 18 ° . . . 
trans-fl-Decalylamine 4, m.p. --47 ° . . . 

Composition of product 

Cyclohexene 

81% 
80% 
80% 
70% 
70% 

Cyclohexanol 

~9% 
20% 
20% 
30% 
30% 

Cyclohexanol produced 

45% WALDEN inversion 
25% WALDEN inversion 
Mixture of epimers 
Mixture of epimers 
60~o WALDEN inversion 
90% WALDEN inversion 
90% WALDEN inversion 

Ref. 

2 
2 
6 
6 
3 
4 
4 

x Conformational analysis indicates that "Cis"-l,3-methylcylo- 
hexylamine should actually be termed trans. 

M. M. CLAUDOlq, Bull. Soc. ehim. France, 1950, 627. 
a A. K. BOSE, Exper. 8, 458 (1952). 
4 W. H0CKEL, Ann. Chem. 533, 1 (1938). 

The r e a c t i o n  of n i t rous  acid  w i t h  c y c l o h e x y l a m i n e s  
possesses d i agnos t i c  va lue  a n d  p romises  to  be useful  for  
conformat ion  d e t e r m i n a t i o n  1. 

A. K. BOSE 

Applied Chemistry  Department,  Ind ian  Insti tute o/ 
Technology, Kharagpur,  Ind ia ,  December 30, 1952. 

Zusammen /as sung  

Wenn  die A m i n o g r u p p e  in Z y k l o h e x y l a m i n e n  d u r c h  
eine ~iquatoriale B i n d u n g  v e r k n f i p f t  ist ,  is t  das  H a u p t -  
produkt  bei de r  R e a k t i o n  mi t  s a lpe t r ige r  S~iure das  
en tsprechende  Z y k l o h e x a n o l  m i t  e iner  ~iquatorialen 
Hydroxy lg ruppe  (das heiss t ,  die W a l d e n s c h e  U m k e h -  
rung f inder  n i c h t  s t a t t ) .  W e n n  die A m i n o g r u p p e  d u r c h  
eine polare B i n d u n g  v e r k n i i p f t  ist ,  w e r d e n  be t rAcht l i che  
Mengen yon  Z y k l o h e x e n e n ,  beg le i t e t  yon  e iner  Mischung  
beider ep imeren  F o r m e n  des  e n t s p r e c h e n d e n  Zyklo-  
hexanols, g e b i l d e t  (das heiss t ,  die W a l d e n s c h e  U m -  
kehrung f inde r  s ta r t ) .  

1 A. K. BOSE, Exper. 8, 458 (1952). 

$ D. V. NIGHTINGALE, J. D. KERR, J. A. GALLAGHER, and M. 
MAIENTIIAL, J. Org. Chem. 17, 1017 (1952). 

6 j .  READ and G. J. ROBERTSON, J. Chem. Soc. 1927, 2168. 
R. G. JOHNSTON and J. READ, J. Chem. Soc. 1935, 1138. 

T h e  E n z y m a t i c  H y d r o l y s i s  o f  G l u t a t h i o n e  
by Vibrio Cholerae 

The  p a t h w a y  of m e t a b o l i s m  of g lu t a th ione ,  wh ich  is 
n o r m a l l y  cons ide red  to  be c o m p a r a t i v e l y  s tab le  t o w a r d s  
e n z y m e s  because  of t he  y- l inkage  in it ,  is fa i r ly  well  
k n o w n  in an imal s .  T h u s  GRASSMANN, DYCKERHOFF, a n d  
EIBELER 1 s h o w e d  t h a t  ox id ized  g l u t a t h i o n e  was  h y d r o -  
lyzed  in to  g lycine  a n d  d i - g l u t a m y l  cys t ine  b y  panc reas .  
L a t e r  SCHROEDmL MUNRO, a n d  WEIL 2 a n d  SCHROEDER 
a n d  WOODWARD 3 r e p o r t e d  t h e  c o m p l e t e  b r e a k d o w n  of  
r e d u c e d  g l u t a t h i o n e  in to  i t s  c o n s t i t u e n t  a m i n o  ac ids  b y  
t h e  e n z y m e s  p r e s e n t  in t h e  r a t  k idney .  The  w o r k  of 
DYER a n d  DU VIGNEAUD 4 on t h e  r e p l a c e m e n t  of c y s t i n e  

1 W. GRASSMANN, H. DYCKERHOFF, and H. EI~ELE~, Z. physiol. 
Chem. 189, 112 (1930). 

E. F. SCHROEDER, M. P. MUNRO, and L. WEIL, J. Biol. Chem. 
110, 181 (1935). 

a E. F. SCHROEDER and G. E. WOODWARD, J. Biol. Chem. 120, 
209 (1937). 

4 H. M. DYER and V. DU VmNEAUD, J. Biol. Chem. 115, 543 
(1936). 
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by glutathione in rats  held on cystine deficient diet 
further  indicated the hydrolysis of glutathione to yield 
cystine or cysteine during metabolism. Besides hydroly-  
sis, t ranspeptidase reactions involving glutathione and 
other 7-glutamyl peptides have been reported by HANES 
and coworkers ~ and FODER et al. 2. 

Very lit t le information is, however, available about  
the metabol ism of glutathione in bacteria.  So far the  
only role assigned to glutathione has been tha t  of a 
coenzyme for glyoxylase a. GOrJLD ~ found tha t  glutath-  
lone was essential for certain strains of gonococci after 
they  have been cul tured in the laboratory for a few 
weeks. In  our studies on the absorption and excret ion of 
amino acids by Vibrio cholerae, hydrolysis of added 
glutathione has been noted during growth of this organ- 
ism and the observations so far made, have been report-  
ed in the present  communicat ion.  

Experimental 
Cholera cultures.-Ogawa 52 and Inaba  52 were used 

in these studies. The parent  Ogawa strain was obtained 
from the Central  t~esearch Inst i tute ,  Kasauli,  and i t  was 
converted to the corresponding Inaba  subtype 5. 

Growth medium.-- The following two media a t  pH 8-0 
were used: (1) The glucose-salt medium reported ear- 
lier% (2) The peptone medium consisting of 0-5 % oxoid 
peptone and 0-5 % sodium chloride. 

15 ml of the medium were measured out in 50 ml. 
ERLENMEYER flasks and sterilized at  15 lbs. for 15 rain. 
18 h growth of Vibrio cholerae on papain-meat-agar  
slants was harvested and washed twice with saline 
(0.85%) and the suspension f i n a l l y a d j u s t e d  to a tur-  
b idi ty  of 30% transmission, in a Lumetron  Photo- 
electric Colorimeter (650 m#  red filter). Flasks contain- 
ing the media with and wi thout  glutathione (0.03%) 
were inoculated with two drops of the s tandard bac- 
terial  suspension, incubated at 37°C for 24 and 48 h, 
respectively, for the peptone and glucose-salt media, 
and centrifuged. The cell free supernatants  were used 
for running two phase ascending chromatograms.  
Uninoculated media incubated for similar periods were 
taken as controls. 

Chromatography.--The technique of ascending chro- 
matography,  using W h a t m a n  No. 1 filter paper (size 
11 1/4" square) was adopted throughout .  The chromato-  
grams folded in the form of cylinders were kept  in 
Pyrex  glass jars of 8" diameter  and 12" height. The 
solvent was kept  in a petri-dish at the bo t tom and the 
jars were covered by a ground glass plate and sealed 
with vaseline. All experiments  were conducted at  room 
tempera ture  (24 to 26 ° C). The first solvent  was prepared 
as follows: Phenol (B.D.H.) was distilled and saturated 
with a salt solution containing 6.3 g sodium ci trate  
(ANALAR) and 3.7 g of sodium or potassium dihydrogen 
phosphate  in 100 ml of waterL The second solvent was 
n-butanol  (E. MERCK), glacial acetic acid (B.D.H.) and 
water  in the ratio of 4 :1 :1 .  The chromatograms were 
irr igated for about  12 to 16 h and after  drying, the colour 

I C. S. HANES, F. J. R. HIRD, and F. A. ISHERWOOD, Biochem. 
J. a~, 2~ (1952). 

2 p. j .  FODER, A. MILLER, and H. WAELSCII, Nature 170, 841 
(19s~). 

3 K. LOtt~tANN, Biochem. Z. 2~i4, 332 (1932). 
i R. G. GouLo, J. Biol. Chem. 2as, 143 (1948). 
5 D. L. SIIRIVASTAVA and P. B. "WroTE, Ind. J. Med. Res. 35, 

117 (1947). 
6 K. C. SAXENA, K. BHASKARAN, S. C. AGARWALA, and D. L. 

SIIRIVASTAVA, J.  Sci. Industr.  Res. 12 [B], 84 (1953). 
7 Biochemical Institute-Studies IV (University of Texas Publi- 

cation, Texas, U.S.A., 1951), p. 25. 

was developed by spraying with 0-1% ninhydrin in n- 
butyl  alcohol. 

Results 
Since the results obtained with both Ogawa 52 and 

Inaba  52 were similar, only those with  the former 
subtype are being reported. 
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Fig. 1.--The hydrolysis of glutathione by Vibrio cholerae in glucose- 
salt medium. I Glutamic acid, 2 Alanine, 3 Glutathione, 4 Glycine.-- 
A Supernatant after growth in glucose-salt medium. B Glucose-salt 
medium + glutathione, control. C. Supernatant after growth in B. 

Hydrolysis o/glutathione in the synthetic medium.-With 
a view to see the changes produced in the medium by 
the growth of Vibrio cholerae, control  experiments were 
first run wi thout  the addit ion of glutathione.  The 
uninoculated medium by  itself, did not  give any spots 
on the chromatograms,  whereas after the addition of 
glutathione and incubation at  37°C, one spot (Fig. 1B) 
corresponding to it  was obtained indicating that  no 
hydrolysis had taken place. The supernatant  from the 
growth of cholera vibrio in glutathione-free medium, 
gave two spots (Fig. 1A) which were identified to be 
alanine and glutamic acid. When, however,  the super- 
na tan t  from tile growth of Vibrio cholerae in glutathione 
containing medium was chromatographed,  it was found 
(Fig. 1C) t h a t  the glutathione spot had completely 
disappeared and the spot of glutamic acid considerably 
intensified. In addition, a new spot (identified as glycine) 
appeared on the chromatogram.  In some cases glutamic 
acid gave a streak-like spot, almost appearing as two 
spots. But  by running mixed chromatograms with pure 
acid, i t  was found tha t  the two spots represented only 
glutamic  acid. A similar chromatogram of glutamic acid 
has been reported recent ly by POLLI and BESTETTI x. 

Hydrolysis o/ glutathione in peptone medium.-Similar 
experiments  when repeated in the peptone medium 
gave the same kinds of results (Fig. 2). A chromatogram 
of the uninoeulated peptone medium itself, is given in 
Figure 2A. Only 8 spots appeared, out  of which 3 were 
identified to be aspartic, glutamic and glycine. No at- 
t emp t  was made to ident i fy  the other amino-acids. It 
would be seen from Figure 2 B tha t  when 52 Ogawa was 
grown in the peptone broth, only the aspartic and 
glutamic acids were absorbed or metabolized from the 
medium, presumably as a result  of deamination I. Ad- 
dition of glutathione gave only 1 more spot in the con- 
trol medium (Fig. 2 C). This was completely hydrolyzed 
by Vibrio cholerae during growth (Fig. 2 D). The re-al~ 
pearance and intensification of the spot of glutamic 
acid as compared to Figures 2 B and 2 C respectively 
would indicate t ha t  the ex t ra  amount  obtained from 
glutathione remains unmetabolised.  

i •. E. POLLI and A. BESTETrl, Exper. 8, 345 (1952). 
A. DUDANI, S. N. IYER, C. R. KRISHNAMURTI, and D. L. SIIRI- 

VASTAVA, Current Sei. 21, 134 (1952). 
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Hydrolysis o I glutathione in the presence o/ cysteine.- 
Since glutathione on hydrolysis gives glutamic acid, 
cysteine and glycine, it  was apparent  from the above 
experiments tha t  the cysteine l iberated from the glu- 
tathione molecule was absorbed or metabolized by the 
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Fig. 2 .~The hydrolysis of glutathione by Vibrio cholerae in peptone 
broth. 1 Glutamic acid, 3 Glutathione, 4 Glycine, ~ Aspartie acid.- 
A Peptone broth, control. B Supernatant after growth in A. C Pep- 
tone broth +glutathione, control. D. Supernatallt after growth in C. 

cells of Vibrio cholerae, during growth. A control experi- 
ment with the addit ion of cysteine in the glucose-salt 
medium (Fig. 3A) also established the fact tha t  cysteine 
in the concentrat ion of 0.0 3 % was completely metabolized 
by the growing cells of Vibrio cholerae, as shown by the 
disappearance of the cysteine spot in chromatogram 3 B. 
Even in the presence of added cysteine (Fig. 3C), 
glutathione was hydrolyzed by. the Vibrio cholerae cells 
(Fig. 3 D). Fa in t  residual spot of cysteine is also seen in 
this chromatogram, in addit ion to the intense spots of 
glutamic acid and glycine. Alanine, of course, persists 
in all the chromatograms of the culture supernatants .  

Discussion 
Results reported above (Fig. 1A) in the glucose-salt 

medium show tha t  growing cells of Vibrio cholerae, like 
Bacillus anthracis l, Brucella abortus ~, and Penicillium 
chrysogenum ~ excrete alanine and glutamic acid. When 
glutathione, however, was added to the medium, it  was 

1 R. D. HOUSEWRmHW and C. B. THORNE, J. Bact. 60, 89 (1950). 
2 R. J. GOODLOW, W. BRAUN, and L. A. MIKA, Arch. Biochem. 3O, 

40~ (1951). 
a p. L. NARASIMHA RAO and R. VENKATARAMAN, ]~xper. 8, 350 

(19~). 

hydrolyzed by the growing cells of Vibrio cholerae and 
the cysteine moiety was taken up or metabolized (Fig. 
1C). The importance of cysteine or cystine in the growth 
of Vibrio cholerae has also been indicated by VEERARAG- 
HAVAN 1. I t  might be argued tha t  the hydrolysis of 
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Fig. 3.--The hydrolysis of glutathione by Vibro cholerae in the 
presence of cysteine in glucose-salt medium. I Glutamic acid, g Ala- 
nine, 3 Glutathione, 4 Glycine, fi Cysteine.--A Control medium + 
cysteine. B Supernatant after growth in A. C Control medium + 

cysteine + glutathione. D Supernatant after growth in C. 

glutathione is chiefly due to the requirement  of cysteine 
by the growing cells, bu t  this would not appear to be 
true because of a similar observation (Fig. 3D) in the 
synthetic  medium irrespective of the presence of cysteine 
or cystine. This, along with the hydrolysis of glutathione 
observed in the peptone medium (Fig. 2 D), would point  
to the possible presence of a y-peptidase in Vibrio 
cholerae cells. As far as we know, this is the first observa- 
t ion of the hydrolysis and metabolism of glutathione, 
by any pathogenic or non-pathogenic bacteria. Fur ther  
work on the factors affecting the hydrolysis and its 
mechanism is in progress. 

S. C. AGARWALA, V. K.  MOHAN I~AO, 
and D. L. SHRIVASTAVA 

Central Drug Research Institute, Lucknow, India, 
February 1, 1953. 

Zusammen/assung 
1. Wachsende Zellen yon Choleravibrionen geben an 

das Glnkose und Salze enthal tende Medium Alanin und 
Glutamins/iure ab. 

2. Dem Medium zugesetztes Glutathion wird yon den 
Choleravibrionen hydrolysiert.  Dabei t re ten Glykokoll 
und GlutaminsiLure frei auf, der Zysteinrest  wird im 
Stoffwechsel umgesetzt. 

3. Es wurde gezeigt, dass die Hydrolyse des Gluta- 
thions nicht  auf dem Bedtirfnis der wachsenden Zellen 
an Zystein beruht.  

4. Es wird angenommen,  dass die Zellen der Cholera- 
vibrionen eine 7-Peptidase besitzen. 

1 •. VEERARAGHAVAN, Nature 163, 188 (1949). 
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